
1 ‘(w(u)  (J])llj]]]jx:]llio]]  j]] 1 qj( ISOIII(IIW

lia II I(wl I l’a II\vaT~j,  l)a\Ii(l l{(v  II I(4s~l, aII(l I,(T)II Alkal:I; l

S.1(’t 1 ‘I”()])lllsi()ll  IJal)orat  OI”J” 11)(1):111111(111 c)J (loIIIl)IIttI S(i(ll((>

(Jaliforll  ia lllslitut( of ‘l\ YIIIIOlOp)jI ll]liv(tsity of (~alifor]tia
I’wI(I(vI;I,  (;A 91109 1)os  AI  Ig(l(s, (‘A 900:24

Al)st]nc(

ljo~,i(is olll(lsal(l  ill) (l(cl,”  X iso]rloll)llif”  p, Ial IIIs (I ts{ ill[})l([[l(tlt (11(  SaTIIC  I(}p,ic  f(lltc(i(]ll, lx]p,i(  iw)lticts

]IItIy  lIiIvc  sip,lliliczllltly  diflc)cilt  ])olv(l ]cqllitc]))cl!ts  (v(tI  llI(IIIp,l  I llt(y lIiIvc  111(  sal IIc II II II IIICJ of tlallsih((llh

ill lLc i]rl])l(.lll(fltalio]l. ‘1’lIc  ])()\\’(i  ](clllil(lrl(tlt:. (If tll( iw)][l(lh  (I(j, (itd (III 111( tlilllSifi(lll  a(tivily  (II ilI(
i,l])llt  sip,llals. ‘1’lIc }Otvt] ]((lllilc}lic,ll~  of is(,lll(,]l,liic  :, IiI]III isolll(ts  [J f  ]1-illl,u(  NAN])  iIII(l  Nol:  y,iIIw

aI( S} IOWJI.  (}l)(,osi[(~, tlI( I{sh  }Iolv(]-((]llslltliillp, is(,lllc]  ir)st(ad  (J( tlI( (JtlI(fb  (’illl  yicl(l  si~r(ifi(atl(  ])c)\v(r

Savlllp>s. l’;xlwlilllclltal 1(s1111s  (Ill a Ii]) J)l[,-(’illly  ii(l(l(l  al<  J)l(s(lltc(l  10 slIo\v  tlIiIt 111(  itrll~l(lll(llt:llioll

Itsillp, 111( l(ilSl  j)olvc,]-(ollsll]lli]lg”  isol[lc]h  ]t{jllito.  ii]l])l  [) Xilllill(l~  10(ZI  1(Ss })()\\,(l  tllilll  1}1(  it[l])l(,ll}[rll:ltio]l
.,

Ilslltg  111(  111(1s1 J)[)}v(l  -collsllllllll~  l.solllclh. Silll(ll;)(i(,t,s  01 (ItlI(I  JiIII(lo]II  I(,gi(  (I(sip,lls  dlw)  ((111(11111 tlIi)l
dmip,tls Ilsitlp,  ICss lloi~(.]-(()]lslllllit)p, isolllcls  (’illi 1([111((  111( Iop,i(  ])[J}YII d(lllilll(l  1)) iil)l)roxiflldt(ly 10(X
as H) II I])a I(xl to dwIp,  IIs II SIII~,  II IC)I( ]I(I\\, (I-[ (III SIIIIIIIIp, )so]l)(rh.

‘1’11( Imwr colIsull  I(Yl ill (~AfoS \/lJSl ]Jrilll{llilylcs(llts frolll CIlillp,  illp, all(t (Iiscltalp, itlp, tlIC  110(1( cal):icil;ltlccs

ill tll(’ \Tl,Sl c i r c u  i t , .  ‘1’llc  i][]])l(tll(tlt~llio]l Of ’?l lo~,ic flll!cli(j]i Cfill 1)( l(]wtlltml l~y n Iill,(’1[’(1 gral)ll. ‘1’11(’rt ?I1’(,
s(v(,ri  Il diflir(llt  illll)lcrt l(lllilti ollsl)ossil)l  (cv(]l”  if’w(collsllaill  tllr itt]j)l(, ]]1(,]11:1 tiollslo” (l S(tll(’Si  1111(>11  lllllll(l’of

trallsis(ors.  l,ogic  isoIIIc]s  arc 2-is(]t llo]l)llic:,li  iJ)llstlt:it  itlll)loll(rll (Ii(s?itll(fllllclio]l. ‘1’tl(isolll(lhc)f:l l[)p, ic

f(ltlclioll lIave III( s:IIII( JIllttIl)ct o f  (Ialisisloh 1)11( ItIay lIav( (Ii(limlt (~\’Y~ JI(Iw(I r((l(lit(ill([lts (I(l)(]l(lillg

(1]1 111( l,rallsitio]l acl,ivily of 111( illlll]ls, ‘1’llis  ]):I]NI a(l(lr(w.(s lII(s IJolv(l I((jllil(til(lltsof isolll(ls of’tl-ill])l]t

NANI) :111(1  Nolt giitcswllicll CaII I)c ICI) I(+KIIIC(l  I)y iso]llol])lli(p,l;l])lls.” ‘1’11( ])()\$’(1  t((]t)ilcttlcllls  of,  P,(’ll  Clill

?-iso]rlorl)llic”  gI;I])l  I iso]llcrs will  IIC tlIc I()]jic <If a fil([lt< ])iIl)(I. \f’( slI()\v flIiil il 2-itll)\ll  NANI) p,at(, lIiI~

Iwo iso)ilc]s }vllicll lIIay IIavc (Iifkl(llt ])(NYCI ]((l(]ilol[(llls lI(Yii IIs[ 111[ i]ll)(lls 1( I llI(g I,al( ar( 1101 (q{lival(tl(

flolll d co]lsid(rati(~ll of 111( (~t’:’.f l)olv(r ](wlllir(lll(tlls (v(ll (l IolI~,}I tlIry lllil~ 1)( lop,ically (q(liv:il(lll. \$’(

als(I  SIIOW cxIIIcssio  IIs for tllc lI(w(, I rcquir(tllc]l[s of iso]tl(,  ]s of ]1-illl)lli N]  Ah’l) <I II(I N’()]{ g:ltw. IYc  {I I(II

lJr(wlI( sitlll]latioti rcsl]lls of :1 ]ij)])lec:[rlj’ a(l(lr I 1(J sIIOW IIO}V tlIe (Iih.r(lll ])CIWI  I((lllil(]llf,l)(s of III(
iso]II(*Is  IIIay ]cad  1,() siglli(ica]lt ])olvcr snvi]l~,s I)y a  lop,ic  (I(sip,ll(r wlI() cltoos(s  1(J i]lil)l(]tlcil( tll( (I(sip,ll

lviill tlI( l(,asl  ])(,lv(]-c(]llslltllili:, isolllcrs l)ilS(’(1  011 lliillsilioll :tctivily  Sillllllil(iotls. ‘1’11(  Sillllllilliolls  }!’(1(

])(IIOIIIIC(I  ltsitl~,81  ])rototyl)c” ‘1’ltarlsi(io]l A(tlivity Slhlllliit orcilll((l ‘1’I{A(XIM wllicll IY(III:IV((I(V(I()])((I  fot

111(  ])llrj)os(of stll(lyillgt t?lllsilic)]l” activity ill \JlfSl (I(wip,lls.  olll Sillllllil[i( l]ll(’Sllll S(ltl 111(  ril,l)l(-c:]rly a(ldrl

;III(I  otll(. r la]l(lo)ll logic dcsigtls SIIOW (11:11  \Jl, Sl (I(sigllrrs lllil~  I)c ;11)1(’ to r(, (lll(’c 111(1 ~~\’2.f l)olv(’1  (1( ’lltal I(l

l)y :I])])r(]xiill;lt(ly l(l(X) l)y clloositlp,tli(” I(:Is( ]Jc)lv(l- (or[slltll  illf, isolll(rs” ill 111( (I(wip,ll.



.-2

cd “<



c-
r #!’”

q[ : ,,-.. ~[””l
L -:1

J
1

h--~[

. ..J2
~ --oIL

- 1

V(1(I

(

?

(1

1
t)

2

a

3

$3

c - “i[. ;; --1:. -’1:+[--’
c,

4[)  a II

‘i +s I IL.. .___.l .._ ._ Vss

x -

vd(l

P

>
Y

1
1

x

2

Y

Vss

IIp,urc 3: 2-i II])IIl NANI) lSOIII II 1

N o t e  tlIat iso]llorl)l,is]tl is n sl)cci;t I ciisc  of Y-iso]ilolj)llislll.” \\{, aI IIOW ill a ]~ositio)l 10 ])rovidc a for]llal

defi]litioll of logic iso]llcrs.

‘J’IILIs, aII ]1-i]l])llt NAN I) ~,iit( lIas iiII isolil(ri( ~ill(li]lilliiy of II!. ‘1’11( circllii SIIOIVII  ill fig III(T 2 IIFI< aII hotllcric
Cill(lillalily c>f 1?.

~.~ N A N I )  ]S0111(!1’S

(bllsidcr tllc 2-itl])(l( NANI) gEIt( for tlIr I)IIII,OW of illllslratillg, tlII (Iiflitctlc{w ill ]IOIVCI dissit)?[tio]] ill logic

isotllcrs. ljct us lcotlsidcr tlIc l)cll~ivior o f  111( isoill(’r ill figllrc 3 fol itll)ut switching a c t i v i t y .  lkJtlI lIodcs 1



A

VIIII

$,
- C)l [

I
1

?

4
Vss

l~ip,III(  4 :  2-i]l],llt NANI) Ist)]ll[r 2

h -  01[

[
“- d[ ““

I

“- 1[ ;;- I

‘- 1[
L

\’d[l

+

1

q [

12

I

I

1[
I

8

6
3

~

4f’ h

(1

\’s\

1’2 = A., ((:, -1 (/’:) )[’;’. /-l (5?, (’, V:’J



fit II NA ,S’A SJ’IIIjJ[)Si II III (III V]),$’f  lks;p,rI  199:{

‘1’11(’ Villllcs of llIC II()(lc’  (’:I]HIC’I1:IIICCS (;] and (:2  al(’ :1s [ollo\\’s:”

2 . 4  l’ower l{al<io

[)fil  - 1  M:) .! ?“C(I$l I h)1,> : :{fil -1 M-1 7(,’((5, -1 (l))

w]lctc tvc lIaYc assullled that 41 >  A:,. l’ip,urc (i SIIOWS  111( tyllictll  ])owcr r;lti(x+ ~lf a {}VO itlljui NANI) $,a[c
fol \’illiolls\  ’tllllrsort]l(’”  ]Ml:lllldcl ?(. ‘1’llr asyl]l])toiic \’illll(’oftll(”  ])()\!  (’l rdtio (tllf l’;llllc M’11(11 011(”  sip,llal

ll:is?l tt<illsiti(  )l12icti\ itylllf itisitlf illil(l ytillleslll:ll (Jftll(ot ll(rsi~, lltil)isp, i\(tl I)y([j-1 7~)/(:{-l v~)wllicll
itll])lics 111:11  tllc lu]jj)cr-t~ollild olt tll(, ]~o}vci, ralio t“()] a  ~-illj~llt NANI)  /,:IIr  i s  5/3. ‘1’11(  IIOW(I  lalios {II(

l,l(,ltcd as fl]]lct i(]lls()f tll(Iati()() ftll(, tril]lsili()ll ;Iclivily oftll(tl voitll)llts” (7A : fiI/&, ),

‘III( IK,WCI  la(ic)of all 11-illj)llt NAN])  gate CaII I,c SII(JIVII to Ile:

w]lcrc (IIC acLivitlcs arc  Nldl that A) >  & > . . .  > f i t ,  .  lt IIltly IN sll(nvll that :111 IIill])llt N()}i p,atr 11?1S a

sittlitar cxl)rcssioll for lIIC  ]J(J\vcr  ralio.

‘1’11( ])(I}VCI ratioc,fa 3  i]lj)llt NAN])  /,iItc  (c)r  H ~\iIIIIII(  Nol{  ~,ilto  i s  tlIIIs:
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3.1 ‘.I’l{AC;SIIM

‘J’l{atlsiiio]l A(;tiviiy Slillulator (rl’li A(;Slhl)  i s  a tool”  [IIZI(  IV(  (I(v(lc)l)cd  to St(ld} (11( (Iallsit,ioll ac(ii, i(}

ili }~lfSl cir(llits.  ‘I’l  Ic ill])llt  10 III(  sillilllalor  i s  H ]Ifilisl (I(sclil)i]lp, (It{ ciicui( ;Il(Jllp, lvi(ll 111(. (lilllsili(Jll

acli~i(iw  of tlIc cilcuil ]III])IIls. \$’(, IISC a  Sitll])lifid tilllitlp, III(jd(,l of circllil I)cll:lvi(jr. \f’e HSSIIIIIC lII; II :111
111(  /,:11(S Il;l\’( t i l e  salrlc delay :111(I tll:ll l}V() si~, tlals Cllarlp,illp,  ;11 111( itl])llts to :1 /,ilt($  (’:111 (:11[s[  211 1110s1 orl(,

llilllSitioll  olll~  011 lIIC 0111] )111 Ilo(l(’. ‘I’l Ic l:ltlcl  assulll])ti(,]l is quilt \alid sitlcc Sl)l(;l; sitll\llati(,]ls corlfi]t]lc[l
111{11  111(’  0(11]) 11( of a gat(’ llll(l(>l#,<)(,S ~1 II ICJS(  011(.  llilll  Sll loll  (.\,  (ll  If l\V()  0 1  11101( jll])lll  S (llilll~,($  [1S 1(111/, ilS  1]1(

. .

iil])~lts cl IaIIgI\ ~vitllitl a c(rtaitl lilllc window. ‘1’11~ OII(I>U( fr(~llt  ‘J’l{A(~SIAl is a list of trallsi(io)l :I(tiviti(s a t

llic tl(jdu+  of lIIC  circllil aloIIfI,  with tllc ]Jow(I ]:lli(~ of ~11( circllil gra])ll,

3 . 2  l{i])])lc-carr-j  Adder

‘I’li A(~Slhl  was  IIWKI {o sillllllatc a ] i j ) ] ) l c - t a l l y  add(r f’ol vario(ls 11111111,(.  I of itl],ll(s (4 I)i(, 8 I>i( aIId  16 t)ii

i]l])llis) with (Ii(lcrctlt  tr<i]lsilio]l a c t i v i t i e s  ()]1 tllc ill]lll( si~,ll:lls.  \f( siltllll;llc(l (IIC ril)l)lvc?llly a(l(l(I  lvitll

t  11( sal)w trallsiticul  ])rol)al)iliiy  for (mclI ill])ut  to t  II( il(l(l(l  ((xcc])t  t  11( cal ry-itl i]l])ut wllicll was s(1 t  () ( ) )

fc,l  10000  (’yCl(s.  ‘1’yl,ically, lIIC  ifll,llls 10 tlt( a(l(l(,l {II( (Iriv(ll I)y r<p,is(cl  OIIII)IIIS  illl(l  lIrIIr( tlIc (I:ltlsi(ioll
:Lctivily c)f tltc  itl])llts  i s  I(WS tlIat I 1 .  l ’ h e l l  slap,t of 111(,  ri]}]~lc  ad(lrr collsis(s of tlv(~ cilcuils: C)II( 1,() COIIIIJIItr

111(’ catty nll(l t i l e  OIIICI  10 (’Olll])ll(c  111(  S(llll, ‘1’11(  circui( for c(,lrll)tltitl~, tilt (’illl~  corlsisis  of tlllt,( ?-illl)llt

NANI) p,tttcs ;~ild a 3  ill],ut NANIJ  gate as SIIOWII  ii) fi~,llrv 1. ‘1’11(, cilc[lit J(II cc)lll],lllitl~,  (11( SIIIII c(,]lsis(s

of f(jIII J\itl]jl]t NANI )  g,titcs  and a 4 irl])llt NAN I) p,at(  ~Is SII(IIVII  ill fip,(l]( N. of tll( sip,ll:ils  illtcrllal  to (11(

ril)l)l( {~(l(l(rl  tll(  c{Illy si~;lla I  I121S  tl f~llolli Of 6 illl(l {II( 01111 )111S of tll(s illvcl[(w  llilV(  :1 f’illl(llll  o f  Y (; ICII,
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l’ip,[ire 8: SIItII cilcl]il

Ass(llllillp, that tlIc routing  ca])acii:i]lcc for (:ICII I(Mc1 i s  l.WJ,U slid ]Iat tile s(ltlt outl, uts of tllc a d d e r  drive
uliit loads, tllc avcrag{ ?(: fc)l tllc rij}])lc a(l(l{.r i s  il[)Jllo  Xilllil(fl~  1 ‘J’al Jlc 1 slllllllliiri?,cs tllr ],olt,cr raiio of

111( ril)])lc-carry adder for a 4-l)il adder (1{ A4), aII 8 I)it a(ld :1 (l{A/ ), aIId a l&l Jit adder (1/ Alfj) for vtir-ious
v a l u e s  of tlIc  itll)llt trallsilio)l activity (Ai). ‘1’11(,  tal)l( slI(n\s  tll:it II(’ ]I()\v(,r  ratio of tlIc  ad(lcr  va]i(.s fm]tl

1.08  k) 1 . 1 2  Jvlliclll  illl])lics llIa{  ~lIe  itll]~lclllf)ll:llic,tl Ilsilip, (lie lc:]st J(~Jv(~r-c(jlis(lllli]lp,  iso}l)crs oflbrs a ]~ow,cr

sav]])g of a])])roxllllatcly I()(XI over  lIIC  II  II])  I(IIICII1  ;It  I(JII  us IIIg,  t II(S  II 0s( ]JolvcI-c{)IIs\]]II]]Ip,  lso]il cm.
.
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SIIO}YS tllc t,rallsilioll fic(ivi(.y of tllc ctlrry sixllals of lllc ri ]) l) l(-early : dclcr  }Vllilc fip,llrc 10 snows  tllc trarlsitio]l

iiclivily of tllc SIIIII  out])uls of tlic a(ldcr.
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